Introduction
Starvation in man and other mammals produces an increase in the concentration of free fatty acids in the plasma (1) . It has been claimed that the sympathetic nervous system (2) or growth hormone (3) , possibly in combination with a glucocorticoid (4) or a state of insulin deficiency (5) , is responsible for this phenomenon. Since plasma fatty acids mainly originate from adipose tissue, the first two hypotheses imply that epinephrine or growth hormone (with a glucocorticoid) is capable of stimulating lipolysis in this tissue.
A possible way to assess the relative importance of these hormones in raising the plasma levels of fatty acids in man is to examine their effects on (Tables I and II) . Patients with diabetes and jaundice were excluded. Preoperative treatment involved a fast of 8 hours and premeditation with sodium pentobarbital and general anesthesia induced by thiopental sodium and maintained with the agents listed in the Tables. Twice it was possible to obtain adipose tissue from the abdominal wall of patients undergoing spinal anesthesia, and the activity of their adipose cells is compared with that of the tissue of patients adjacent in the series who had undergone general anesthesia (Table III) . It appears from this that general anesthesia does not markedly inhibit the metabolism of adipose tissue. The adipose tissue was removed most frequently at the time of the first incision, though on some occasions the tissue was obtained just before closure of the wound. After removal, the tissue was washed and placed on a gauze soaked in saline (0.9%). Dermis and epidermis were dis-621 used. We incubated the flasks under air when using a phosphate buffer or under a gas mixture of C02 + 02 (5: 95) when bicarbonate buffer was used. Controls without special additions were carried out. At the end of incubation, the contents of the flasks were centrifuged at 300 x g, and a 200-A1I sample was removed from the infranatant for assay of glycerol. The reaction was then stopped by addition of 5 ml of an extraction mixture for fatty acids.
Assay procedures. Oxygen consumption was mea7Kindly given by Dr. E. B. Astwood. 8 New England Nuclear Corp., Boston, Mass.
sured in conventional Warburg vessels as previously described (7) . Fatty acids were extracted by a modification of the procedure of Dole and Meinertz (8), and titrations were carried out in 95% (vol/vol) ethyl alcohol with Nile blue as indicator. Glycerol was estimated by a modification of the method of Wieland (9) .9 The reaction system contained the following: 200 to 500 Ml of the incubation medium, which was not deproteinized; glycerokinase, 1 Radioactivity. In some experiments, we added glucose-4C to the incubation medium to make a final specific activity of 0.02 Ac per Mmole glucose. At the end of the in- 9 Reagents purchased from C. F. Boehringer and Sons.
Mannheim, Germany. cubation period, the 14CO2 from the medium was driven off with 0.5 ml of 0.5 N H2SO4 and trapped in a strip of filter paper soaked in 0.5 ml of Hyamine [p-(diisobutylcresoxyethoxyethyl) dimethylbenzyl ammonium hydroxide]. The paper was then transferred to 10 ml of Bray's solution (10) and counted in a liquid scintillation counter.
Calculations. All statistical comparisons were based on means of paired experiments. The significance of the difference was tested where necessary by a nonparametric sign test, since this does not assume that the distribution of the data was normal (11) . Results are expressed as micromoles of substrate per millimole triglyceride of adipose cells.
Results
The respiratory activity of isolated human adipose cells is shown in Figure 1 . It required adipose cells equivalent to 200 to 300 Mmoles of triglycerides per flask before a reliable uptake of oxygen could be measured. Accordingly, these amounts of adipose cells were used in most of the following experiments.
Effects of epinephrine on lipolysis. Figure 2 is a dose-response curve which shows that epinephrine stimulates the production of Figure 1 is not significantly different from zero with the number of replications employed.
In a series of ten patients, epinephrine (3 /Ag per ml) stimulated the production of fatty acids from isolated fat cells, and the oxygen consumption was also increased (Table IV) . When insulin was added with epinephrine to the incubation medium, the increment in production of fatty acids and the stimulation of oxygen uptake were the same as with epinephrine alone (Table IV) . In a further group of five patients (Table V) (11) . der was an acetone-dried preparation of whole human pituitary glands and would be expected to contain about 5%o by weight of human growth hormone and 0.1 to 0.3% by weight of corticotropin. We first tested the extract on isolated fat cells of the rat to determine whether it contained any substances that might interfere with lipolysis. As shown in Table VIII , the powder markedly increased the production of glycerol and fatty acids from adipose cells of the rat, but when the same pituitary extract and cortisol (1 jig per ml) were added to the incubation medium with human adipose cells, no effect on lipolysis was seen (Table VIII) stimulated by epinephrine; this probably represents activation of the esterification pathway by the fatty acids liberated during lipolysis (17) . The effect of epinephrine on lipolysis was observed in both Krebs-Ringer phosphate and bicarbonate buffers in the presence and absence of glucose (Tables V and VI) . When I4C-labeled glucose was added to the medium, 20 times more glucose-1-14C was converted to 14CO2 than glucose-6-14C (p = 0.017), although utilization of either was not augmented by epinephrine when, at the same time, lipolysis was accelerated. It has been observed in the rat that insulin, in concentrations as low as 10 ,uU per ml, can reduce the release of fatty acids from adipose tissue that has been stimulated with epinephrine, even when glucose is not present in the incubation medium (18) . This antilipolytic effect of insulin was examined with human adipose cells in Table IV . Although the mean release of fatty acids was less when insulin was added with epinephrine to the incubation medium, the difference was not statistically significant (p = 0.16).
The effect of epinephrine on the formation of fatty acids by isolated human adipose cells was sixfold greater than the combined effect of growth hormone and cortisol. The response to growth hormone could not be increased by raising its concentration in the medium to 10 ,ug per ml. In any case, the amounts of hormones that were used exceeded the maximal amounts reported to occur in the plasma of man. Raben and Hollenberg (19) used 20 times the dosage of human growth hormone as in the present experiments (in the absence of a glucocorticoid) and obtained no greater response from human adipose tissue.
Human growth hormone at a concentration of 5 Mxg per ml and cortisol at a concentration of 1 ,ug per ml used separately did not stimulate formation of fatty acids; when used together they caused a small production of fatty acids. This observation supports the experiments of Fain, Kovacev, and Scow (20) , which suggested that a synergistic action exists between growth hormone and a glucocorticoid in the stimulation of lipolysis in isolated adipose cells of the rat. It also extends the observations of Burns and Hales (21), who found that human growth hormone (100 pug per incubation flask) and prednisolone (0.8 ug per flask) stimulated the release of glycerol from human adipose cells of perirenal tissue, whereas prednisolone alone had no such effect.
The effect of human growth hormone and cortisol on fatty acid production is small but probably real. Two of the 17 experiments in Table II did not show a response to these hormones, whereas the others displayed a small and variable release of fatty acids. This variation is not solely attributable to the different types and amounts of anesthetic agents administered to each patient; for instance, patient W. C. had spinal anesthesia, yet his tissue released very small amounts of fatty acids when stimulated with growth hormone and cortisol. Since all patients had undergone an overnight fast before operation, it would be expected that their adipose tissue would release fatty acids into the incubation medium. However, the control incubations of 4 of 11 patients were taking up fatty acids, although this did not appear to interfere with the response to growth hormone and cortisol. When bovine growth hormone was substituted for human growth hormone, there was no increment in the production of fatty acids by human adipose cells.
There is evidence which suggests that the pituitary gland contains hormones other than growth hormone that might be involved in the mobilization of fat (4, 12, 13) . However, a crude human pituitary powder, which was active on isolated fat cells of the rat, did not stimulate the production of fatty acids by isolated human adipose cells. This makes it unlikely that the human pituitary gland contains more active lipolytic agents than growth hormone, although it does not exclude the possibility that there are lipolytic agents present in human pituitary glands which are not in an active form in the unfractionated gland, or that the pituitary preparation contains substances which interfere with the action of such lipolytic agents. On the other hand, it suggests that corticotropin, which is a potent lipolytic agent in the rat, does not stimulate lipolysis in human adipose tissue in vitro. This was found when it was used at a concentration of 5 fug per ml and confirms the reports of others (19) .
It is difficult to estimate the relative importance of epinephrine and growth hormone with cortisol in the mobilization of fatty acids from adipose tissue from the present studies. In man, intramuscular injections of epinephrine (1) or human growth hormone (3) will produce approximately similar rises of plasma fatty acids (from about 0.5 to about 2 J.Eq per ml). It was surprising that growth hormone and cortisol were so much less effective than epinephrine in stimulating the production of fatty acids from subcutaneous adipose cells of the anterior abdominal wall of man in vitro. This could be partly due to a difference in the mechanism of action of growth hormone and epinephrine. The effect of epinephrine on rat adipose tissue occurs more quickly than that of growth hormone and a glucocorticoid, the effect is greater in magnitude, and it cannot be suppressed by such agents as puromycin and actinomycin D, which block the effect of growth hormone and dexamethasone (20) . This points to a difference in the mechanisms of action of epinephrine and growth hormone, and the conditions of incubation in vitro might not be entirely suitable for the expression of the latter. However, it is possible that adipose tissue in various locations responds differently to the same lipolytic agent, so that it is difficult to draw conclusions on the relative efficacy of these agents in elevation of the plasma fatty acids in man when adipose tissue from only one location has been examined in vitro.
